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PROBLEM

Determine the capabilities and design parameters of military and com-
mercial radar equipments deployed by the U.S. Navy and identify specific
parameters and functional design requirements for the development of mod-
ular radar systems to achieve a 2 to 1 improvement in cost effectiveness, reli-
ability, maintainability, and logistic support.

""his problem, incorporated as part of NELC's Project 2175 (2:1 im-
provements by 1975), was divided into seven distinct steps, or phases, as
identified in table 3. This report covers Phase 1, a description of the concept

of modularity as applied to surfaie-search radar systems, as representative of
all radar systems.

RESULTS

The surface-search radar transmitter and receiver groups are determined
to be the most important and likely candidates for modularization efforts. In
addition, standardization of duplexer, and display groups, and modulator and
power supply sections is determined to be feasible and desirable. Parameters
and functional design requirements are proposed for development of trans-
mitter, receiver, duplexer, modulator, and power supply modules. It is noted
that the modularity concept is also applicable to other Navy electronic sys-
tems such as conununication receivers and transmitters.

RECOMMENDATIONS

Continue to develop a family of surface-search radars utilizing the
common module, section, and group approach. Investigate the cost effective-
ness of this approach and look at the possibility of extending the modules
across other radar and elcUronic systems.

Specifically:
1. Develop three X-band surface-warch systems:

10 kW, SO kW, and 130 kW.
2. Develop a 130 kW C-band system.
3. Develop receiver and control circuitry having a wide range of appli-

cability across other radar types.
4. Provide for future additions to thes systems within the modular con.

cepts for extending the performance capabilities (such as MTI).
5, Fabricate a set of modules that can be used to build up any one of the

four systems. Thit hardware will be used to demonstratw the commonality feature.
6. Investigate display and antemn requitrement especally tbr mall boat

applications.
7. Standardize the number and amplitude of power supply voltages for

modularizd radar receivers and ttansmittes.&

•r":



ADMINISTRATIVE INFORMATION

This study was performed as part of the NELC Project 2175 program
under ZF 54545, Task 2, (NELC Z401220) by the Microwave Technology
Division (Code 2340) under the sponsorship of the Naval Material Command.
The report summarizes efforts for the period 20 September 1972 through 30
June 1973 and was approved for publication oi 26 March 1974.
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INTRODUCTION

The very best in electronic equipment is never as good as desired in
meeting operational requirements and maintainability, including Navy radar
systems, the subject of this report. Too often a radar system is near obsoles-
cence by the time it is operational aboard ship, and logistic costs continue to
run orders of magnitude ahead of original estimates. A look at current and
past acquisition practices will point out some of the inherent problems and
indicate how engineering procedures and techniques, from design to acquisi-
tion and maintenance, can be radically improved.

HISTORICAL ACQUISrTION APPROACH

El When a radar system is judged unacceptable - does not meet current
requirements, is uneconomic to maintain, has too much down time, or any
other reason - new requirements and specifications are drafted aid sent out
for bid to competent manufacturers. The successful bidder des'gns a new sys-
tem using circuits, devices, and techniques he believes best meet the require-
ments and specifications. The result is another, completely different radar
system with unique operational, maintenance and training problems. If the
new system is good, the transition to shipboard utilization can be fairly smooth.

kj However, if the new system is a bad performer, the original production run
may be all that Is ever procured. At best, for a marginal or less titan marginal
system, a new contract may be awarded (probably to a different company) to
bImprove the "bad performer," with the now contractor having to live with less
than desirable design limitations.

Tlhis approach over the past many years has resulted In the Navy ac
quiring an Inventory of about 250 different radar systems, including modifi-
cations. 1110 quantities of each of these systems in service vary from one
(Mk-l 2 fire-control radar) to 375 (AN/SPS-I0 surface-earch radar), (Refer-
once STIC/CS05-2-71 15 May 1972.) Most of these systems fall far short of
deied performance, and at best have their own limitation,

PROBLEMS CAUSED BY PROULPIATION

This proliferation of radarusystems In the Navy inventory helped
create and continues to compound an already complex Navy logistic support
problem, No equipment Is immune from failure, and the resulant logistic
support problems of maintsaiing our large number of radar.systems needs no
detailed explanation. However, it i Important to consider the fact that there
is some (unklown) mininum number of systems of a particular type where
:wpport for those systems becomes impractical and economically unfeasibte,

The problem becomes rnanifiad when consi,-eri•n in.ertice systems
which ate marginal or unsatisactory. If a system has a low MT8BV (mean
time between failure), and/or a high MTTR (mean time to repair), the Navy
will probably never purchase more than the original production run -'peVraps
10 to 15 systems. This low' number of in-service systems militates gainst the
establishment of fully adequate repair facilities or the adequate disitibution
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and availability of critical (and possibly unique) spare parts. Thus, the systems
needing the most support can end up with the least.

Another critical factor, although the cause of the problem is not read-
ily apparent, is the lower percentage of operational availability of some of the
newer radar systems compared to some of the older systems. According to
NAVSHIPS Tech-News of December 1972, the AN/SPS-l 0 and the AN/SPS-
37 have higher percentages of operational availability than the newer AN/SPS-
48 and the AN/SPS-52. (See table 1.)

TABLE 1. TYPICAL SHIPBOARD RELIABILITY AND MAINTENANCE COSTS, 1

Average Cost Operational % Parts Dlemands

Radar Ech Repair2  Availability Not On Board
Equipment (S) (% of time available) When Needed3

AN/SPS-1O 391 93

AN/SPS-29 56S 44 66

AN/SPS-30 1653 36 19
AN/SPS-37 142 52 .51
ANJSPS-39 511 66 32
ANtSPS-40 761 46 28

AN/SPS43 275 61 41

ANISPS48 1026 49 18
ANISPS-52 973 41 50

I Data source- NAVSHIPS TECHNEWS, December 1972, p. 14-1 5.
2. Includes puts supply and labor costs.
3. R...q polod I Auuy -30 Jus 1972

While there is a never endins desire for improved pdrformnane and
utalntatnabillty of al1 equipment, It must be recognized that these must be

• achieved within the fea world constraint of obtaining the max.imum ittutn on

C out equipment Investments. We• areoften faced with the hard decision that
i;atiother soclled-improved radar systemn cannot be Justified as wi•t effective.,

>:'* . C~Out effectivenlen and improved perfor~mace art not the only pto-" . .
!i~i~i blems to be solved, .Many ships are findin8 their rvimary power sourcae (%h~ps

generatos) are woddiS at or over their de-ig itat .. Primary power Is
"at a premium on all but the very largest ships. M addition, the sine and weight
"of equipment al# costitute major problems aboard ship, avd providing ade-.
quate radar. ystems ao small ships such as river craft and SESs (srface,
oeffect ships, becomes an almost imosible task with existing tquipamt..

fRESENT AMID UTURE NAVY N""EE

The Navy needs today a series of radars that ame highly reliable, flex-
able 40o00 (or use on a variety of platfor m, caily maintained, invose a
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minimum of logistic support problems, and meet current and foreseeable per-
formance requirements achievable with today's state-of-the-art technology, all
within the constraints of severe budget limitations.

It doesn't take much imagination to see that those broadly stated re-
quirements have been brought about by the very nature of modern warfare
which is changing on an almost day-.to-day basis. Modern warfare analysts
maintain that the next major war could last only a few weeks, or possibly only

a few days. In this environment of wadfare time compression, an equipment
that fails and can't be immediately repaired and put back on line is less than
worthless - it can be catastrophic.

Less dramatic but no less real and important are such problems as (1)
reduced manning - which means less probability of having qualified repairmen
aboard, (2) the cramped quarters of small ships such as the SES which will not
allow conventional radar construction and installation; (3) the high-speed nav-
igation needs of the SES are not compatible with, the radar for DLG- or
CVAN-type platforms. In line with the changing aspects of warfare, it would
not be unrealistic to assume that a Navy ship of tho future might have its mis-
sion so drastically changed that its existing radars cooild not support the new
role. On this basis, it is apparent that radar systems of the immediate future
should have greater flexibility in mission applications without degradation of
basic operational capabilities.

The needs of the Navy for the future are twofold. First is ,i need to
outfit new ships as they are constructed, and second there is a need to update
or replace out-moded equipment. The design and development of modularized
radar systems is considered the most feasible approach to fullI),lng these needs.
The quantities of systems needed for these two areas are an important con-
sideration since the amount of effort to develop these systems is dependent
on the size of the potential market.

According to NAVSItlPS Document 0967-006.0008 (CONF) INVEN-
TORY OF ELECTRONICS EQUIPMENTS (ACTIVE .FLEIET) the number of

surface-search radars presently In use and older th-a the AN!SPS40 li over.
800. Most of these will have to be replaced or upgraded by 1980, bmc-use
they are weatrin out.

New ship construction is a somewhat nebulous consideration in t00e
current Age of austerity, but even a pesimistic estimate is A minimum requir,-
mant, in surface search, of 25 to 50 radar sets per year by 1980 Including
small boat and SES craft,

MODULARITY. A PROPOSED SOLUTION

2175 TASK

In July of 1972 a proposal was made by the Naval Electronics Labora-
tory Center (NELC) to the Naval Material Command. to institute a 3-year
program to achieve a 2:I improvement in cost elfTectivelhess reliability. main-
tainability, and logistics for systems such as receivers, information monitoring
and ,onitol, information processing and display, and recording. Primary em-
phasis was to be placed on system mechanizations that mary LSI (large-scale
integration) and the concept of modularity to provide these imptovemevnlt
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Subsequent to approval of this proposal, a subtask was established for the devel-
opment of a modular radar system as a practical answer to the problems outlined
in the introduction of this report.

DEFINITION OF MODULE

The concept of modularity is not new, even for Navy radars. However,
as Mark Twain would say - "Everybody talks about modularity but nobody
does anything about it." One stumbling block that surfaced rapidly at the

,- start of our investigation is that one man's module is another's monstrosity.
There appeared to be no good existing definition for the term module. There-
fore, we defined the term module, as specifically applicable to this project.
Several levels of modularity were identified and defined, as described and
shown in figure 1.

I
ANCILLARY INPUT INTERFACE -ROCESSED TARGFT DATA

tINTERFACE GROUP

4& 4

4 . . .

'• vI,. odla vdO, etnzoaoflrs2 MOW.
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PHILOSOPHY OF MODULAR APPROACH

Even a very cursory overview of existing radar system specifications
reveals a surprising amount of similarity in operational requirements of sonmc
circuits. Such areas as the i-f amplifier, the video amplifier, power supplies,
detectors, SWC and ACC circuits, mixers, local oscillators, control circuits, and
signal processing circuits are so similar from one radar set to another that it is
obvious that a few designs could serve for nearly all the systems except for tile
different mechanical configurations and power supply voltages required.

The goal of the modular radar task is to design a family of radars each
using the same building blocks (modules). It is obvious that no one module,
say an i-f amplifier, will answer the requirements of all the Navy radars. How-

quiemets f 7-80percent of the Navy radar needs.
ThFdatg of this approach can be seen in the reduced logistics

problm of uppo thrg ee amplifiers rather than hundreds, Maintenance
peronnl tainngwould also be drastically reduced.

Oncegoodstandard circuits are developed, these can be specified for
all view sse .Thswill bring Ill two important benefits. First, the niew radar
design wlbeuigcircuits of known high reliability and, secoond, logistics sup-
port for this new radar will already exist.

sytmIn addition, when u echnological breakthrough is achfieved, whtic

Thqr ims, approachmwille alo drsial educ that deign tie frnewtradarte

to existing modularized radar systems,
The leal value- of tile moodular Approach will not be realized within the

constraints of the 2175 program, whicht for practical purposes is limited to
wurface-search radar systems.. Thle obvious extensions will be to include other
futictionAl types -of radars such as air searlch. weiapons control, weather. air
traffi'c. haoit fhiding, oet., even conceivably acrioss all millitay setvlcts. Ito
addition, there is no good reison whly din ' amaplifier In a radar could not be
also use ina ommunications receiver or a telowisiosytm Power suppl
regulations are molt or les" the sute in all electrafnic systems. The possible
savings% In original developmtent and maintenance cost plus thlt Increased relia'
boily taor all ilitary eletronic systeas makes the future (at tuodttlar toncepis
took extitetney eniticings.

It s ntreting to note that the goits of the modular sutiface-scardch
radar will result int modue being developed that van be directly uwe to meet
the reuiremencts; for Marine Corps Air Traffic. Conttol Radar, as descuribed in
Appendix A. It Us anticipated that, wu 1CC i proiductioti, the modularized rad-ar
system will answer mauny needs in ai quick, efficint and economical wzay, The
real valu of thisp gain will tit in its wiesvprcaid application ini radar syitcta
design, development, and! aquisitiou itto full Navy use.

DEFIITONS OF TRMS
To simplify terminology and %tw those definitions universally employied,

the followiag terutitinology is wsed in thiis report asderumed below. These dtfti-i
lons conform to standWr Navy appliations.

9



1. COMPONENT: Identifies a single electrical/electronic device that can
be used individually or collectively with other devices to provide a simple func-

tion or simple functions. Examples: Resistors, Capacitors, Coils, etc.
2. MODULE: Identifies an assembly of electronic components designed

to perform a partial function within an overall system and is so constructed
as to be replaceable without requiring special tooIs. Modules are further classed
by level:

Ist LEVEL MODULE must meet the definition above and have the
first hermetic seal between the components and the atmosphere.

2nd LEVEL MODULE must meet the definition and in which all com-
ponents and/or Ist LEVEL MODULES are assembled on a single plane - does
not require a 1st LEVEL in it - example PCB.

3rd LEVEL MODULE must meet the definition and may or may not
have I st and 2nd LEVEL MODULES, requiring three dimension.

3. SECTION: Identfies a module or series of modules assembled to pro-
vide or perform specific electronic functions. Examples: STC, FTC, MTI, IF,
STALO, etc.

4. GROUP: Identifies the major elements consisting of a series of SEC-
TIONS assembled to provide specific data, processing, or information which
can be utilized independently or in conjunction with other groups to form a
complete electronic system. Examples: Indicator Group, Antenna Group,
Transmitter Group, etc.

S. SET: Identifies an electronic system, cc.nsiSting of one or more GROUPS
designed and assenbled to perform and meet -iociftc operational mission, func-
tional performance requirements, or other system applications, Examples:
Navigation radar set, wurface svarch radar set. etc.

METHOD OF SHlOWING FEASIBILITY
In order to accomplish the objectives of the 2175 Prograim, within

.resonable time and cost constraInts, a ropresentative type of radar was selected.
The frtace-search radar was chosen bemase its use Is widespread actoss all
types of Navy platformi. and it Is a relatively stratithforward type of radar
with circ~uits tat can be used in must other types of radar systems,

The job then is to develop a family of radars thAt will meet the require-
wnuts for the four types of surltfv srch radar t as wt orith by NAVSWC (s$0

.- ble 2) and accomplish this task by developiaj. a seties of moduls that an-
be ued to build up all theo systems.

IBy Ithe comption o; the protrim, a group of modules will be ovall-
.ble suWch thut iny of the four types of urface.ieach rdArs Can bei awimbled
(from th t modules, and will show a hIý deWo of module iatrcangealIy.

II0



TABLE 2. SURFACE-SEARCH RADAR TYPE CLASSIFICATION.

TYPE 1: Main navigation radars for major combatant ships
(such as AN/SPS-10 and SPS-55 radar sets)

TYPE 2: Precision Navigation Radars in support of Type I
(currently being filled by Raytheon Pathfinder 1500, 2502,
2840, CMC LN-66 radar sets)

TYPE 3: Navigation radars for major auxiliary ships.
(such as AN/SPS-53 and SPS-60 radar sets)

TYPE 4: Navigation radars for patrol craft and small boats
(such as Raytheon 1900, CMC LN-66 radar sets)

PLAN OF ATTACK

To accomplish these objectives the 2175 Program task was divided in-
to seven phases (see table 3). This report covers Phase I only, to establish the
basic concepts, definitions, and philosophy of modular radar.

This seven-step program will result in a study of the possible improve-
ments, the cost advantages, and the proposed recommendations for further
work as well as the hardware to show feasibility on a very practical scale.
Actual systems will exist (in prototype) and complete drawings and specifi-
cations will be available. The advantages and practicality of modular radar
systems will be demonstrable at the completion of this program.

TABLE 3. PHASES AND DELIVERABLES OF MODULAR RADAR TASK.

PHASE I:
Description of modular radar concept and system philosophy, including
support, i.e., performance monitoring, self-test, and maintenance.

V PHASE 11:
Identify the specific market that is being addressed, specify the functional
requirements, and illustrate the configurations which meet the market te-
quirements. Perform a comparison between present method of equipment
selection and proposed method,
PHASE III:
Specify the modular radar requirements for surface-search, navigation,
collision avoidance, and Marine Corps, These requirements are to be param.
eters such that hardware configurations may be identified and from whihl
common groups and sections will be identified.
PHASE IV:
Identify the generalized equipment that is to be developed to conduct
the necossary tests to verify the modular radar and support concept.
PHASE V:
Fabrication of common modules based on specified parameters. Built-
in test te be included.

PHASE VI:
Test functional modular groups based on spcdlfcitions and identify
problem areas.

II



TABLE 3 (Continued)

PHASE VII:
Write detail specification for prototype of en.Ire family of modular radar.

DELIVERABLES

PHASE I: Technical Report )f concept and sysem plilosophy - to include
FY 73 progress.
PHASE II: Technical Report - to include tradeoff comparisons. Supports
options to be included.
PHASE III: Technical Report - This technical report is to be the preliminary
specifications based on modular radar requirement.
PHASE IV: Technical Report - identify and define equipments to meet those
specifications identified in Phase Ill.
PHASE V and PHASE VI: Technical Report to document test procedures,
results and problem areas and recommendations. Based on development
functional modules.
PHASE VII: Modular radar specification (detail).

SURVEY OF EXISTING NAVY RADARS

According to STIC-CS-05-2-75, Radiation Characteristics of Electronic
Euiiprneut (U), (SECRET), there are over 250 different approved radarsets includ-
ing various models and modifications in the present Navy inventory. The radar
system characteristics listed in this publication were reviewed to determine if
the requirements of these systems were compatible with the modularity con-
cept. It was found that while there were no two identical systems, the dif-
ferences in many areas vere insignificant. Such things as pulse widths differing
by a few per;cent would be undetectable to an operator, or a peak power out-
put change of 10 to 20 percent would not materially affect the system per-
formance. A 20 percecnt increase in transmitter power would increas the
range by about 2% percent or about an extra K mile on a 20-mile range. Some
appreciation of the somewhat small performance variations between systems
having rather large differences in equipment specification can be seen In figure
"2 This chart shows the detection range for a 1.0 M2 target of various surface-
sewa-ch radars, ranging from 10 kW to 250 kW and pulse widths from 0.05 to
1.) psec. (Note the tremendous difference antenna height carn mnake although
this is niOt a part of the original equipment specifications.) Thle basic sipedf-
cations wCre close enough that standardization looked very practical.

The total cost of ownership would be a valuable thing to know. flow-
ever this information is not readily available. Such things at MNI11 and the
average cost per repair are known, but no overall total cost has been published.

A contract has been awarded to the Autonetics Division of Rockwell
International to investigate the potential cost of ownership savings thwat would
restil If the radars were built on a modular basis compared to the way the AN/
SPS-55 (our newest surface-search radar) is built. Thle job description of this
task Is in Appendix l.

The possibility of commonality of functions across the various class-s
of radars used on one type of platform is being investigated. A contract was

12



4 1 ASSUMPTIONS:
ANTENNA GAIN 30 dB X BAND- 28 dB C BAND
NOISE FIG. 10 dB x BAND - 14dBC BAND
LOSS 10 dB
TARGET HEIGHT 1 METER
TARGET SIZE 1 50 METER

50
ALL SYSTEMS X BAND
EXCEPT ONE NOTED "C BAND"

SOLID LINES ARE FIRST PORTION OF
S4/INTERFERENCE LUBE

.1 CURVE FOR 130 KW-
JR- 1ASEC PULSE FOR

130 KW - IpSEC PULSE FREE SPACE

30 N

4' 130 KW -
0.OSJLS PULSE N

O 15 dB S/N RATIO

F20  REQUIRED FOR
N •90% PROBABILITYi tOF OF DTECTION f"N

1 O . -ASINGLE PULSE

S ... % 130 KW-'/ISEC PULSE

10 KW $.0 A PWU006LSCPUS
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V C
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-10

5METER ANTENNA 4'

HEIGHT N.

-20
12 3 4 50a 69010

RANGE IN NAUTICAL MILES

Figure 2. Ntfonanou of varety of tidus.

awarded to Westinghouse Corp. to look into the practicality of common mod-
¶i tiules across the various radurs used on a DLG ship. A copy of this work ree.

ment is in Appendix C.
It is encouragini to note that all things considered, the overall survey,

the prelirnlnary feedback on the contracts, and contacts with various technical
personnel have not turned up any findinis that would preclude the stmndardiza-
tioe of specifications so that common modules could be us in neat' al Withe

Navy radars1



REQUIREMENTS FOR SURFACE-SEARCH RADAR

The operational requirements for a surface-search radar are not easily
pinned down. The requirements cover a wide range of applications and any
attempt to apply hardware specifications to these requirements immediately
brings forth a cry from some quarter that the requirements and hardware spec-
ifications are not compatible. One of the prime objectives of the modular ap-
proach, however, is to obtain a very flexible system whose characteristics can
be easily changed with the substitution of a different module or using addi-
tional modules for special functions. With this flexibility available it w/as
decided to make the modular surface search radar family compatible with
the majority of specifications of the existing radars so that those functions
would be covered. This is not to say that advantage would not be taken where
the new developments would allow improvements in performance.

Consistent with this basic decision we investigated the specifications
of the AN/SPS-l10, as it is the most populous surface-search radar, the AN/SPS-55,
as it is the newest one available, the AN/SPS-60, as this one is still in the devel-
opment stage and therefore represents the latest Navy requirements, and the

_ commercial LN-66 radar as representative of the small boat type. See table 4
for a short ;ist of general specifications for these systems.

TABLE 4. GENERAL EXISTING SPECIFICATIONS

FOR SURFACE-SEARCH RADARS.

_____ AN/SPS-10 AN/SPS-55 ANISP&60 LN 66

Freq. Emid C X X X

Peak Powe,
(KW)
(Mi•ihInunm) 190 130 35 10

Pulse Rate 62S.650 pp 750-2250 pps 7S0 500 pps 12A0.2S00 pps

Pulse Widt'i 0.25•.2.5 sec 0. 2.1.0 tisec 0.1-0.5 t&seO 0.05-.5 M•SM

Power
Tube Type MIa~natron magnatro" Magnaion Wlag-ron

i-. Vreq. 30 Mlh 60 Mltz 60 Mtz 45 MNIz
Bandwidth I-5 MHz 1.2.10 Mitz 2.12 MtL, 14 MV-1

.. o . " - -

14 db 10.1 dB 7dB It do

Inputf I ISV6 -h 115V5011I I VS'!60fit I ISVI60l
3 - I- "-Ift"" " ",Or

jI12416-dc
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These specifications, togeth , with the general requirements for the
four types of surface-search radar aq listed by NAVSEC (see table 2), have
been compared with the requirements for Hydrofoil Surface-Search Radar as
given in NELC TD 195 "Fleet Hydrofoil (FH) Mission Analysis and Equipment
Capability Requirements for the 1980 Era" 30 June 1972 (S). The operational
requirements for Marine radar as listed by the British Government in the
"Marine Radar: Performance Standards, H. M. Stationary Office, 1957 and
1968 Rev." were also reviewed. A condensation of all these general require-
ments is given in table 5.

TABLE 5. SURFACE-SEARCH RADAR GENERAL REQUIREMENTS.

The detection range capability for the surface-search radar Is, hi general, to the
radar horizon against small patrol craft, indigenous fishing ships, and submarine periscopes.
The mast height of the craft or ship determines the actual detection ranges of the targets
noted.

Requirements Remarks

1. 160 yd thru 30 nmi I. General requirement

2. 1 scan/sec data rate 2. Consistent with 100 knot relative speeds
3. High resolution, high clutter rejection 3. Periscope detection to horizon in high

sea states
4. lPovide target data to Swface.to- 4. Redundancy for Fire Control System

-Surface missile

S. 3600 Azimuth .2V to +100 Elevation S. General requirement

6. Continuous Automatic Target 6. 10 nil Low.Altituda Air
Tracking 20 and Swf., targets

7. roadband Frequency Agility 7. Reduce EM si• aoure, reduce Targe,
squint

•8. Sector Scan capability .8. Desif ed
9. Antenna slbilitatlion 9i Ditiable for -t I pitch - 45M0 tU

10. Standby Mode - Electronic 10. General requirements
Emission Control capability

It. Warm.uptime slsmin I1. Generalrequitentent

12. itub reliability 12. General requirement

13. Minimize maIntenance 13. General requirement
14. 1.htw.eWl A comlct 14. Les than .O0o e. ft.•: ~~~Lmt thin 100 cu. ft. - -•..

SPECIALREQUIREMENTS FOR NAVIGATION

i .. ' '"Reiulcmets IRmair .. "

IS. Toemotton presentation 15. High speed craft requirement
16. Coutinuoudy generted FPI cwson 16. high speed craft requirement

.17. Sor Scan Cgpability 17. craftrcolal and d&beb
avoldance

18. qulpment %m upUm Wleasthan I Ge=lArequirem :t
3 minuta "



TABLE 5. (Continued)

t lRequirements Remarks

19. Very high reliability 19. MTBF more than 1000hrs

20. Minimal.maintenance 20. General requirement
21. Lightweight & compact 21. Less than 1000 Ibs.

Len than 100 cu. ft.

22. Interface with Computer to: 22.
A. Display simulated raw video, A. High-speed navigation requirement

symbology, remote TV
B. Perform & display closest point B. (1) Range & Bearing to target

of approach calculations (2) Course & Speed of target
(3) CPA, B, and R.
(4) Time to CPA
(5) Audible collision -

course alum
C. Display proposed avoidance C. High.-peed navigation requirement

maneuver for evaluation
D. Automatically tracks surface D. 20 surface targets

targets

L. Display Intercept problem L General requirement
solution

F. Phovide information to SSM F. Redundancy for Fire Control
System

All of this has resulted in establishing a tentative set of target specifi.
cations that are being used to develop the breadboard family. These specifi-
cations are given in table 6. The peak power of the type If and IV systems was
listed as 10 kW, because the prime power on small boats is very limited, and
this is the power output of most existing small boat radars. 'I'hl power level

.:j gives acceptable performance, and reducing the power below this value would
not achieve any substantial savings in total power consumptions. The magna-
tron itself draws about SO watts including the filament power. In a smaller
magnatron, the efficiency ls poorer, and the filament power is about the same,
so that the total system power saving is very small. To reduce tIle transmitter
power froni 10 kW peak power to I kW, it is estimated that the ovutaUl system
power would drop by less than 25 percent because the vest of the radar power
needs, about 250 watts, would not change. The antenna drive alone draws
about 100 watts, and Is independent of the peak4 power. Thus a 10 kW ran.
imum peak power seems reasonable.

The next step up In power was the Type Il for which the AN/SPS,60
was specified at 35 kW peak power. As the selection of nmagnaons is not. too
wide, we have put this requirement in a range of 35 to 50 kW. Tht higher
powered unit for Type I use is the AN/SPS-S5 ait 13S kW or thet AN/SPSIO0 at.
190-285 kW. The lower figure was chosen for our goal because the 3 dB -power
reduction could be easily compensated for by uing a receiver with a better
noise Co•ure (the AN/SPS-10 has a 14 dB noise filureand mixers are available
today off the shelf with less than 8 dB noise figurs which would reult in

16



TABLE 6. TENTATIVE SPECIFICATIONS (PROJECT 2175)

FOR NAVSEC TYPES OF RADAR SYSTEMS.

J Type i Type II Type III Type IV

Power Tube Coaxial Coaxial Coaxial Coaxial
Type Magnatron Magnatron Magnatron Magnatron

Peak Power
(kW) 175 and 130 10 35 10

Freq. Band Cand X X X X

Pulse Rate
(PPS) 1000-2000 1000-2000 1000-2000 1000-2000

Pulse Width
(usec) 0.050"0.500 0.050-0.500 0.050-0.500 0.050-0.500

U.f Freq,
(MHz) 120 120 120 120

Bandwidth
(MHz) 2-20 2-20 2-20 2-20

Noise Fig.
(dB) 8 8 8 8

Input ISV6OHz lISV6OHz IISV6OH lISV6OHz
SPower 3 Phase 3 P3e 3Ph=- I

receivers of about 10 dB magnitudes, corresponding to power improvement
of over 2 to 1).

The pulse width of 50 msec represents about the state of the art using
X-band coaxial magnatrons and will give excellent resolution for navigation
purposes, and good rain clutter performance. However, at sea this narrow
pulse will produce a very weak return from a small target at any appreciable
distance, consequently the long pulse is also included. The 10: i factor is
about all that can be expected using typical line type modulators.

The pulse repetition rate is limited by the duty cycle requirements of
the magnatron to about 2000 Iz for the longer pulse widths of 0,5 ls. How-
ever, this is still subject to modification wihen the ma ptrons and radar param.
eters are finally selected.

The 120 MHz i-f specification was chosen to allow plenty of room for
wideband systems. While 60 MHz has been more traditional, this program is
attempting to look far enough ahead to make provisions for improvements
without the necessity of redesigning whole sections. This figure is still tenta-
tive and "ubject to change as the cost figures are developed.

The effect of varying the parameters of a radar system on the detec-
tion range can be seen in figure 3. It should be noted that this chart gives a
relative performance compared to a hypothetical reference system.and con-
ditions. It is interesting to see the rather small difference in detection raige
of the LN 66 (0.05 Ilsec pulse) and the AN/SPS-55 (0.1 lisec pulse). This
chart points out the rather hiSh cot for modest impovemals in perfomnace .

,! •o1.



120 REFERENCE SYSTEM PARAMETERS

110 - - 0.1SQMETER

* 10kIW
3100
z 90 -Pw - 0.1IpSEC
W

w 80 NF - 14 dS
ILW. LOSS- 10 d8

70('" SNR - 13 dB - (3kW

0 SINGLE PULSE SPS.551130kW)
0 P0

w 50 dP$-65 i530 kW)

4 o.1 (ISEC PULSE
LN.6W (10 kW)

O 30 0.5 J.SEC PULSE
U. SPS-10 12ao kW)M 2p LN-66 (10 kW) 0.2 }JSEC: PULSE

CA2 0.06 0 SEC PULSE
SPS-to (210 Wt! o -2.5 jiSEC PULSE

0.1 0.5 1 2 3 4 5 6 810 20 60 100

RANGE IN NAUTICAL MILES (FREE 55ACE)

RFipum 3. Radar petfonnnc comparison.

These then are the general goals for the family of modular surface
search radars. It should be noted that specifics of these goals are not "cast in
concrete" and can be easily modified as the program develops. They do re-
present a rather minimum standard from which to start.

PROJECT PROGRESS

STATE OF THE ART IN SURFACE-SEARCH RADAR CIRCUITS

The following section gives a brief resume of the present state of
development for the various component purts of a surfacesearch radar sys
tem. In addition to current practice, interesting new developments, not quite
out of the laboratory, are also mentioned, In some areas; the requirement for
interchangeability is beyond the present circuit designs and some development
work will be required. To simplify tih dicussion, it is divided into the major.
groups that comprise the radar set. Thesemajor groups are shown in figute 4.

TRANSMIrfER

Most radar sets have been designed to perform to thie limit of the state
of the art at the time pWrfonrance specifications were defined. As a result,
"each radar transmitter development has resulted in a newly developed radio
frequency (ri) power tube with different high voltage and fidament power
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The transmitter is the largest, heaviest, and most costly group in any
radar set and it requires the most power at high voltages. It also requires the
most cooling, further adding to its size, weight, and cost. Transmitter design
is strongly affected by the type of rf power tube selected, as tube selection is
a function of system requirements such as peak power, pulse length, bandwidth
and center frequency, gain rf stability or coherency, type of processing re-
quired, etc. A block diagram of a typical radar set transmitter is shown in
figure 5.

Bibliographic searches and analyses of tube characteristic data indicate
that, for single ended power sources where radar equipment noise, coherency,
frequency, and power requirements can be met, a coaxial magnetron type
transmitter tube is preferred to an amplifier type. This is particularly true for
surface-search radar where the requirements are among the least stringent. A
tradeoff comparison of the various transmitter power tube types has been
made and is the subject of a report to be published by code 2340 NELC. The
following tube types, compared in table 7 without any priority assigned, were
considered for this effort:

I. Coaxial magnetron
2. Conventional magnetron
3. Reentrant - forward wave crossed field amplifier (CFA)
4. Non-reentrant - forward wave CFA
5. Reentrant -backward wave CFA
6. Non-reentrant backward wave CFA
7. Linear beam klystron
8. Linear beam travelling wave tube (TWT).

The inportance, or weighting factor, assigned to each parameter used
for evaluating these eight tube types will vary as a function of the radar set
desired. For example, a small boat surface-search radar set would not require
the rf stability needed for a moving target indicator (MTI) in an air-search or
fire.control radar set. Consequently, the parameters and their priorities will
vary for the various types of radar sets, As previously mentioned, the most
numerous single type of radar set In the Navy's inventory is the surface-search
type. With this type of radar, the parameters used to evaluate the eight tube
types are:

I. Reliability
2. Initial cost
3. Efficiency

HIGH VOLTAGE MDL RR "iIPOWER SUELY RU ET

ANTENNA

Pipa. S. Twmtauuet bluck dlvazx.
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4. Modulator and high voltage power supply complexity
5. Bandwidth
6. RF stability limitations
7. Noise and radio frequency interference (rfi) characteristics
8. Ancillary requirements
9. Size and weight considerations

10. Operating costs
A typical surface-search radar set design was selected and the 10 trade-

off parameters were applied to the four basic tube types (magnetron, CFA,
klystron, and TWT). To provide a fair comparison, required ancillary equip-
ment, such as preamplifier stages, modulators, high- and low-voltage power
supplies, ion pumps, electromagnetics, etc., were included with each type. ForI] example, a CFA and a TWT driver combination with their respective power
supplies and modulators was compared with a magnetron oscillator with its
modulator and power supply combination to arrive at a transmitter figure of

S I merit for a particular type of radar set. Basic characte:istics of the typical
surface-search iadar transmitter used for comparison were:

Peak rf power - 150 to 250 kW
Frequency - X band
Pulse length - 100 nanosecond and 1.0 microsecond
Duty cycle - 0.0015
Data from more than 12 manufacturers were studied to provide the

parameter tradeoffs, (Tube divisions of Varian, Raytheon, and Litton have
been most helpful in supplying Information on conventional and coaxial mag-
netrons In addition to CFAs, klystrons, and TWTs.) Table 7 indicates that the

coaxial magnetron has a decided overall advantage over the CFA, klystron: and
.TWT where coherency, noise, and power requirements can be met. A typical
tradeoff analysis between a klystron and a magnetron of essentially equal power
illustrates how a 50 pound coaxial magnetron occupying 26 cubic inches can
replace a klystron weighing 335 pounds (including magnet) and occupying 196
cubic inches. Appendix D lists applicable parameters.

Although figure 7 indicates the coaxial magnetron to be superior for
the surfaces-arch noncoherent radar application, its usefulness is by .o means
limited to this specific type of radar. Many air traffic contro! radars obtain a
imoderate MTI capability (25 dD subelutter visibility) with the conventional
(noncoaxial) type magnetron using coherent on-receive only processing,

Better techniques are being developed for coherent on-receive-only
procesing employing phase shifting elements (either analog or digital) to shift
the phase of a signal derived from a stable source. This method is superior to
the technique of impulsing a local oscillatr to change its phase as is employed
in present coherent-on-receive-only techniques. With proper design, subclutter
visibility Atould not be limited by the coherent-on~receive-only ptocessing now
existing in present radars. The use of these techniques with coaxial itagnetrons
nL-stead of the conventional type will further improve the subdlutter visibility.

Coaxial S-band magnetrons could provide better than IS dB improvement in
cancellation ratio over conventional magnetrons in the air traffic control ap-
plication according to analysis by Vadan. However, because of other limita-
tions, such as scan modulation and processing problems, this does not mean a
,fuB 1.SdB improvement in subcutter vsibility.
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Other techniques such as injection locking and priming of magnetrons.
provide additional methods of obtaining coherency. Hughes Aircraft and

A -Litton Industries have produced injection locking gains of 23 dB at X-band
with 2 degrees pulse-to-pulse phase shift. Further investigation should be con-
tinued for potential MTI and doppler application and for narrow pulse ultra-
high power application (priming). Appendix A illustrates a typical air traffic
control radar requirement for Marine Corps use that might make use of coaxial
magnetrons operating in a coherent mode.

MODULATOR
Overall characteristics of the transmitted pulse are dependent on the

quality of the marriage between the power tube (magnetron) and modulator.
The shape of the pulse. applied to the magnetron, and the magnetron's input
characteristics determine the quality of the transinitted radar pulse. In addi-
tion, transmitter reliability is also affected by the proper iterfacing of these
components.

The modulator applies operating voltage to the power tube for the
purpose of obtaining the required burst of rf output. The modulator, which

-I . is usually triggered by the master timer, produces a pulse to fire th master
oscillator power amplifier (oagnetron) in the transmitter section. Pulse arnpli-
tude and length are determined by the type of master osul1ator power ampli-
(ter and modulator characteristics.

Several types of modulators were studied and tra0.coff lirameters
applied to determalne the optimum type for use with the coaxial magnetron.
.For the surface-search radar only two pulse lengths are reqJuired from a prac-
tical standpoint. One pulse should be as short as posslble fur minhinim clattr
"(possibly 50 nanoseconds at X-band) and tim otheO ' Jimut 1|0 to 20 ties"
longer (approxinmately 1/2 to I microseacond) for tnaxinwlt range, on small
"targets, Several companies wer consulted: to determine the state of the art li
,modular type oodulators for coaxial muagawtrons. Among these weret

Raytheon Eastern. Mass, Tasker Industries, CA
Varia.l Eastern. Mas. Cober Electronics. Conn.
Energy Systems. CA A xe Electronics. Inc., NY.
11!' Gilfilltan. CA Da'a "eyign Labs. CA

lThree general tylps of modulators are available to provide a puolk to
the ninapnetrow, the hard tube or switching, the line type, and the mnagnetic.
A fourth type. fornie' frout a combination of the line and the mAtinetic types,
is called a hybrid solid state/mnanitk modulator. The hard tube modulator
&dilmi only a fraction of the stoaed I-igh voltage energy per pulse while
the line type dscharges esntially all the stored energy per pul,.

The tradeoff paramelters between thok, four basic modulator type•s•
have been studied in general. A more detailed analysis will be published a# a
separate NUC report. Since the overall system concept stretses reliability,

0rco1monality, and overall c.st of ownership, the tradeoff analytsi was similar
to that employed for the power tube selection. The desire for ocinunonAy i
will rcuira firthtt study becaw of the following conskdeations:



a. Rf power levels will dictate the voltage level required in the modulator.
b. Modulators of the same power level might be used at several rf fre-

quency bands if consistent with pulse widths, voltage rise time, and PRF (pulse
repetition frequency) requirements.

c. Component commonality between high, medium, and low power levels
might be achieved by series/parallel arrangement of elements such as silicon
controlled rectifiers (SCR), diodes, etc.

Table 8 gives some pertinent comparison parameteis of the four types
of modulators. The conclusion is that the hybrid solid state modulator is pre-
ferred to the other types for the modular radar systems.

The main advantages of a hybrid solid state magnetic modulator as
compared to a hard-tube or soft-tube or all magnetic modulator are:

I. Redu :ed size and weight
2. Greater efficiency
3. Higher inherent reliability
4. Longer operating life and higher MTBF
S. Lower maintenance costs
6. Less stringent high-voltage supply requirements

The disadvantages of hybrid solid state magentic modulators are:
I. Larger pulse-to-pulse jitter
2. Lower miaximumn PRF than hard-tube units
3. Cannot withstand as Iarge a load inpedance mismatch as hard-tube

wilts
A wilts4. •wver output power than so.l-tube unilts

REMCIVER

Thl radar receiver Is a special type of suptrhoterodyne rectiver that
conet'is weak signals received from the antenna group .htO a form Suitable to
drive the display group or other terrninal device. To accmnplUtl this function
property, consIderation must 1w. given to welI factors as carrir freque'cy. re-
ceiver •ngitivity, s•ial puLse length, frqquency stability. output drive require-
mrits, etc. A simplt sfao*serc radar ftrciver is reprai ited by the block
diagrwa, figure 6.
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4_ RF PREAMPLIFIER

Rf preamplifiers are not generally used at tht higher frequencies (C-
Y.: band nd above) because the cost of such units, with sufficiently low noise

figures, becomes prohibitive. Parametric amplifiers are available for use at C-
and X-band frequencies but their high cost (approximately $15,000 each) and
dubious reliability rule them out except for systems that require extremely
high senpitivity. Bipolar and field effect transistor (FET) amplifiers can be
used with good results at lower frequencies, and the recently developed gallium

I• aisenide FET amplifier, developing 3 to 4 dB noise figures at X-band frequen-
cies, has shwn considerable promise in laboratory circuits. Tunnel diode
amplifiers have demonstrated good noise performance but their high suscepti-
bility to burnout, low general reliability, and small dynamic range have dis-
couraged their widespread use.

MIXER

The majority of microwave mixers use specially fabricated microwave
diodes. The point contact diode had no competition for this purpose for more
than 30 years until the advent of the Schottky and tunnel diodes. In all three
types, resistance to burnout from spike leakage through the duplexer's receiver
protection elements is about equal. The Schottky diode provides maximum
pulse energy with low voltages, has a somewhat lower noise figure, and is easier
to match for balanced mixer applications than the pcrnt contact diode. Con-
sequently, at the present time, the Schottky diode is the only competitor to
the point contact diode for radar receiver mixers.

Mixers are used in the configurations belot. and ranked by ascendiz%
cost (and approximately in perfornance).

Unbalanced mixer: Single diode
-Balanced mixer: I matched diode pair
Double balanced mixer: 2 matched diode pairs

nImage ejection mixer: 2 balanced mixers
Image rejection mxer: 2 double balanced mixers
Although the unbalanced mixer is the lowest in cost, its high noise

figure and conversion loss are significantly greater than those of the balanced
configurations. In addition, the poor input voltage standing-wave ratio (VSWR),
whieh contributes to the high conversion los and the amounts of l(Wal oscil-

lator and spui'ous signals transmitted back t, -ard the antenna, are further
disadvantages of the urbalanced mixer.

Increases in performance, such as reduced conversion loss, lower noise
levels, and fewer spurious signials, of balanced and double balanced mixers, are
achieved by increases in complexity and by critical component matching,
which, In tuIn can e •eult in decreaed reliability. A noise figure inprovement,
of approximately 3 dB, is obtained with the balanced configurations over the,
unbalancce signle-ended type bocauso of the better noLi figure of the blalancWd
type

The image rejection mixer is employed to reject undesired image fre-
quencies of about 20 dl of image rejection for high quality mixers, Noise
perlortuancn is slighly better for equivalent double blancedl nixers. A
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recently developed image rejection mixer (called image enhancement by some
manufacturers), utilizing improved microwave techniques, has achieved noise
figures of about 6 dB region for X-band frequencies by reconversion of the
upper sideband signal to intermediate frequencies. This compares with the
noise figures of 8 to 10 dB for standard image rejection and balanced mixers.
The double balanced mixer appears to be the best compromise at this time.

LOCAL OSCILLATOR

The local oscillator furnishes low power to the mixer at extremely high
frequency and is tunable over a wide range of frequencies. In the past, the
local oscillator function was performed by either reflex klystron oscillators or
klystron amplifiers driven by frequency multiplier chains. However, bipolar
transistor amplifiers and oscillators, that operate below 3 gigahertz, and Gunn
diode oscillators, that operate up to 50 gigahertz, are replacing the klystron
oscillator even in low cost radar sets. The noise performance and simplification
in the associated circuitry offsets the price differential and it is expected that
by volume production of these devices their unit cost will be less than that of
klystron oscillators. Development of phase-lock loop technology in conjunc-
tion with low noise oscillators has provided a large improvement in stable fre-
quency sources for the high coherency requirements of high subclutter visibility
radar sets.

INTERMEDIATE FREQULNCY PREAMPLIFIER
The intermediate frequency (i-f) preamolifitr is placed physically cloac

to, or integral with, the mixer to reduce transmission losses. The lowest loss
mixer-preamplifier combination is one in which the preamplifier is designed
with the mixer optimizing the match between the mixer and the if preampli-
fier for lowea, noise and maximum transfer of sgnal. Sufficient gain should
be provided to allow for losses in elements between the preamplifier and fol-
lowing amplifiers and to provide enough signal level that the following stages
are not critical low noise stages.

The preamplifier bandwidth should be at least as wide as the widest
receiver bandwidth and is determined by elements following thie preamplifier.
Noise figures tend to become poorer with increasing frequencies and band-
widths. Noise figures of 1.5 dB are conmmon with i-f amplifier frequencies

ebelow 100 negahertz and rise to approximately 2 dB in the I Q0 to 200 mega-
hertz region. Common i-f center frequencies are 30, 60, 120, tnd 160
megahertz.

LINEAR AND LOG INTERMEDIATE FREQUENCY AMPLIFIER

Bandwidth and center frequencies for log or linear i-f preamplifiers
are the same. Linear i-f gain is usually greater than 60 dD and is determined
by the input sensitivity of the video detector used. The Video detector sensi-
fivity can be as low as -50 dB for sensitive square-law detector diodes while
higher level square law or linear detecors way have less sensitivity but hdgher
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output. Both linear and log i-f preamplifiers are low enough in itoise that, ex-
cept in specialized applications, receiver bandwidths can be established by
fi'ter elements between the i-f preamplifier and amplifier.

Because of the high order of intermodulation products of log i-f amp-
lifters, the receiver bandwidth is determined by bandpass filtering in front of
the log i-f amplifier. Two types of log i-f amplifiers are commonly employed:
the successive gain-limiting stages paralleled by unity gain stages, and the suc-
cessive video detection stages coupled with video delay lines.The video amplifier
type is the most common and most developed even though the gain-limiting
log i-f type should be the better technological approach.

The conventional log or linear i-f strip amplifier incorporates a distrib-
uted approach where each stage is designed as one part of the whole amplifier
and the effect of preceding and following stages must be considered, as the
tuned elements are selected to give the desired frequency characteristics. Once
designed, it is not feasible to change these frequency characteristics. For use
in a radar set, the design bandwidth of the i-f strip amplifier changes inversely
with the transmitted pulse length. Thus, for each radar set having a different
pulse length, a different i-f strip amplifier would be necessary.

To achieve a high degree of interchangeability a novel technique called
the gain cell design has been developed in which the amplifier is made up of
separate gain modules and lumped filter blocks, as shown in figure 7. Fre-
quency characteristics of the overall amplifier are determined by the filter
blocks while the gain is provided by the gain modules. Once laid out, fre-
quency characteristics can be modified over a very wide range by simply replac-
ing the filter blocks. The amplifiers have to be designed to operate over as
wide a band as the various i-f requirements dictate; for instance, if it is desired
to have an i-f strip amplifier with center frequencies from 30 to 160 megahertz
and bandwidths up to 50 (±25) megahertz, the gain cell must be linear (con-
stant gain) over a bandwidth of 5 (30 - 25) to 185 (160 + 25) megahertz. In
additZ-,n to this wideband characteristic, it is essential that input and output
impedances be matched so that as many gain cells as necessary can be cascaded
to achieve the desired overall gain.

Such gain cells are commercially available from companies such as
Avantec and Optimax and have been shown to be practical In a previous NELC
effort (NE LC report to be published by Code 1260). The major problem ex-
perienced has been the considerable phase shift produced at high signal levels

WIDE BANdD WIDE BANDS..... .AMPLIFIER AMPLIFIERa. . . .. . . .. .

10001 TORTO DISPLAYIILTUR FILTER N MOULATOR AMPLIFIER N SIGNAL

-Figue 7. Hlwk diaam of now pain cell amplWer desin.

28



and at the higher frequencies. While this phase shift may be important for
some applications, a pulse shift of only a few degrees would invalidate the
operation for a MTI signal processor.

A contract was awarded to Autonetics Division of Rockwell Intcrna-
tional Corp. to investigate the possibility of limiting the phase shift. Their in-
vestigation developed a limiter that did improve phase shift performance. The
findings of this effort are reported in their report, C73-610/201, "Wideband
Limiter-Amplifier Phase Shift Study and Breadboard."

The final design approach is not firm at this time. More study is needed
to determine the best method for the modular amplifier.

SENSITIVITY TIME CONTROL AND AUTOMATIC
GAIN CONTROL CIRCUITS

Transmitted signal strength drops according to the distance travelled.
Thus, a signal returned from a nearby object is much stronger than one re-
turned from a distant object. This signal power varies approximately inversely
with the fourth (and nearly the eighth power for surface target returns) of the
range (or propagation time). Each amplifier has a limit, termed its dynamic
range, of its ability to handle both small and large signals. Performance re-
quirements of most radar sets necessitate handling signals over a very wide
range of values.

Sensitivity time control (STC) is used to enhance the receiver's instan-
taneous dynamic range. This circuit automatically changes the receiver gain
inversely (low gain immediately after transmitter pulse, rising with time to a
higher gain proportional to the fourth power, with time).

Automatic gain control (AGC) circuitry added to the i-f strip amplifier
to handle background signals, such as rain or sea clutter, provides a normaliz-
ing function so that the limited dynamic range of the amplifiers, signal pro-
cessing circuits, or display systems can be effectively utilized.

The STC and the AGC circuits may each provide an input to the first
stage of the i-f amplifier to change the gain. In addition, the STC usually pro-
vides an input to the duplexer section, where a variable diode attenuator may
give a wider range of attenuation. These circuits are fairly straightforward,
and should not present any problems in implementing in the modular format.

FILTERS

The radar receiver must select the desired echoes from various inter-
fering signals such as other radar echoes, communication band signals, and
noise. To accomplish this task, filters are used to restrict the receiver band-
width to those frequencies emitted by the transmitter.

Filters may be of a passive network type with characteristics matched
to the transmitted pulse, or they may be of an active network type, such as a
digital filter, or some other sort of signal processor. All radar sets in use today
use some type filter in the early amplification stages to keep down interfering
signals that might othurwisc saturate the amplifier and effectively block the
receiver.
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Filters are sometimes found in the rf section of the receiver but gen-
erally are in the i-f amplifier section where tight control over the bandwidth
is easier to achieve as the bandwidth characteristics of the filters are determined
by the i-f amplifier. These filters are sometimes merely passive inductive cap-
acitance (L-C) types of tuned circuits but the inductors usually are designed
for use in conjunction with the capacitance associated with the amplifying
elements themselves. In this case, the filter assumes the configuration of a
distributed type (rather than the lumped typed described above), with its fre-
quency characteristics developed throughout the entire amplifier.

When a single-ended or double-balanced mixer is used, an undesired
image frequency may be presented to the i-f amplifier. Two approaches may
be taken to eliminate or minimize this interference.

1. An image rejection mixer can be used. This results in more complexity,
increased costs, and lower reliability.

2. An rf filter can be used ahead of the mixer to limit the bandwidth.
This introduces some signal Loss and therefore adversely affects the noise
figure.

In most cases, specifications for the radar set will dictate the approach
to be used. The specifications for the modulator radar have not yet been
established.

DETECTOR

The detector section removes the carrier frequency and passes the
modulation (the shape of the reflected transmitter pulse) to the video ampli-
fier. At this point the signal contains frequency elements that range from
direct current to approximately the reciprocal of the pulse length; i.e., about
20 megahertz for a SO-nanosecond pulse width video.

The detector circuit may take one of several different forms. For
very simple receivers, where only the signal presence is desired, the detector
may consist of nothing more than a diode; for more sophisticated receivers,
a complex circuit may be required to keep close control of both amplitude
and phase shift. Detectors generally fall into three types - simple diode,.
balanced, or coincidence phase. The selection of a particular type is deter-
mined by the functions to be performed by the radar sel More than one
detector is being considered for our modular radar.

* VIDEO AMPLIFIER
The signal amplitude from the detector may range from 0.01 to 1.0

volts and most display groups require a signal level of from 2 to S volts,
therefore further amplification is usually necessary. This is accomplished by
the video amplifier which, in addition to providing the necessary amplification,
usually also provides a 50 to 7Sohm output impedance so that standard co-
axial cables may be used to connect the receiver with the display group which
may be located some distance away. Without this impedance matchin& signals
could be severely distorted.
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Several commercial integrated circuit (IC) amplifiers are available that
will meet most of the amplification requihements and the output buffers are
of very simple design.

L : DUPLEXER

d A means of rapidly switching the antenna from transmit to receive is

essential for successful pulsed radar operation. This duplexing function has
been accomplished by the TR (transmit/receiver) and the ATR (antitransmit/
receiver). These are short slot hybrid devices employing a low pressure gas

it discharge to accomplish the swit ching function. The gas discharge is produced
during the high powered transmnit energy.

The more recent development of circulators and ferrite and diode
:• limiters provides a more reliable means of duplexin8 and receiver protection,

In addition, the diode limiter can be used as a voltage controlled attenuator
in the receive mode to increase overall receiver dynamic range. (See figure

• 8.)

A gas discharge cell still must be used to provide recei; er protection
against excessive power caused by high VSWR (voltage standing-wave ratio)
in the transmission line or antenna faults. This device (still referred to as a
TR cell) fires only at a high power level that is above the power capability
of the ferrite-diode limiter,

The infrequent initiation of the gas discharge plus the use of radio-
active additives thereby eliminating the external high voltage DC keep alive

power supply, results in a very long life device.
The failure modes or short life associated with the gas dischnrge mech-

anisms in the ATR and TR devices have been a major reliability pwblom in
radars. Elimination or reduction of the use of the gas discharge mechanism
through the use of ferrite and diode lmiters will substantially increase the
overall reliability of the system.

T.... ITTER -,APOATERGAS FERRtTE M TO

MANT CIRCULATOR TA CtLL LIMITER kttrENUATOR RECEIVER

i~i'" :!" "" " ATTENUATOR

Rgu 8& D46= blok di am
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DISPLAYS

Three standard Navy displays of primary concern for surface-search
radar are employed on the AN/SPA-4A, the AN/SPA-8A, and the AN/SPA-25.
Both the SPA-4 and SPA-8 are older systems that suffer from inadequate per-
formance and reliabiJity. The AN/SPA-25 is a relatively new solid state display
that has had a histery of failure caused by excessive heating. A program to
modify this display has helped, and this system probably represents the best
"one available at this time. Even this system, however, is not suitable for the
small boat where size and weight are critical.

Another problem that faces the designer of new Navy radar systems is
the bandwidth limitations of existing display and video distribution systems.
These systems presently are limited to about 3 to 3.5 MHz. This limitation
causes the resolution of the display to be far less than that available from the
rest of the radar system. Any future work should include improving the band-
width capabilities of the display and video distribution systems.

For the Type I and I1 surface-search radars it is anticipated that the
AN/SPA-25 display will be used. For the Type II and IV surface-search radar,
a display will have to be developed. This problem will be addressed as part of
this program, at least to the generation of specifications.

POWER SUPPLIES

The radar receiver and control circuits all require low voltage power
sources. While some of these circuits require a well regulated voltage others
operate quite satisfactorily on unregulated power. In such case, the exact
voltage level used is, to a large extent, a rather arbitrary selection by the cir-
cuit designer. In the area of integrated circuits, the trend today is to use
* 12 to :h 15 volts for most linear circuits and +5 or -5 volts for digital circuits.
With most solid state circz'ts that do not use integrated circuits, there is no
recognized standard, and voltage levels typically range from 5 to 30 volts.

Voltage regulation requirements are being met very well with inexpen-
sive integrated circuit regulators by many manufacturers. These devices are
so small and economical that it is feasible to use a separate regulator on each
circuit board rather than one large regulator for the entire radar set. This
approach provides a higher system reliability, better performance, and shorter
time to repair at costs only slightly higher than those of the single regulator
approach.

Primary power to the rador set may be of several different types,
depending on the platform. Small craft may have only 28 Vilt direct current
or I 15 Volt, 60 Hertz, singlae phase alternating current while larger ships may
have I15 Volt, 400 Hertz, single phase alternating current, IS Volt, 60 Hertz,
3 phase, alternating current, or both. A considerable reduction In power supply
size and weight can be achieved with either the 60 Hertt, 3 phase, or the 400
Herit sources. F~ortunately, the larger and more powerful radar sets are used
only on the larger ships. Intermediate size radar sets, however, may be used
on vessels that have only a 115 Volt, 60 Hertz, single phase alternating cur-
rent source and this fact must be comidered during a radar set's desiga phase.
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Provisions are being made for all possible types of primary power
sources. This may result in the design of a family of modular power supplies
for use on a variety of radar systems.

ANTENNAS AND PEDESTALS

The performance of a radar system is dependent on the antenna sys-
tem used. The larger the antenna, for a given frequency, the higher will be its
gain and the narrower its beamwidth. Thus, the largest antenna system pos-
sible should be used. However, it is obvious that a small river patrol boat
can't support a 1,000-pound, 25-foot antenna and drive system.

There is a need for a family of antennas for use with the modular
surface-search radar family. A large antenna is needed for most Type I ap-
plications, while for the Types II and IV installations, small 3-foot and S-foot
units are desired. The Type III system may allow an 8-foot antenna to be
used. In addition, the SES type craft may require a sector scan type of antenna
similar to those used on aircraft.

These problems will be investigated and specifications developed for
this family of antenna systems. However, hardware will not be developed.
For checkout of the modular radar concept under actual operational condi-

•~ tions in this program we will use existing antenna and drive systems such as
those used on the AN/SPS-10, the AN/SPS-53, and the LN-66.

SUMMARY OF RESULTS

The possibility of commonality of circuits In the various Navy radars
is very apparent when the specifications and operational requirements are
compate. In fact the difference in performance of many radars is so small
that it is undetectable as far as the visible display is concerned. An honest
appraisal of the needs versus performance shows that the majority of the re-

• iquirements for surface-search could be handled by two or three basic systems,
and these could easily be implemented using common modules in many of the

* icircuit areas. In addition, this family of systems can be built, on a modular
basis, without requiring any extensive circuit development with the possible
exception of the modulator and the duplexer. The wide ranges of power
handling capability and the different frequency bands may require further

K ~development to assure naumusn commonality.
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CONCLUSIONS
GENERAL

With relatively few exceptions, radar equipment in use by the Navy

today was designed to meet threats developed in the mid-fifties and early
sixties and reflects the technology of that period. These radar sets have a
short mean time between failures (MTBF) and a high time to repair (MTrR).*
Piecemeal equipment modifications and modernization programs have com-
plicated the Navy's logistics problems by increasing the number of electronic
line items procured, operated, and maintained. The proliferation of radar
equipment has necessitated a continuing series of training and retraining pro-
grams for operating and maintenance personnel.

The desirability of having a common section for each function such
as the i-f amplifier, video amplifier, power supply, detector, STC-AFC circuit,
mixer, local oscillator, and output buffers is apparent even with a very cursory
overview. The only reason we do not have commonality between various
radar sets today is due to the way radar systems have been purchased. Each
time a radar requirement has come up a set of performance specifications is
written and put out for bid. After awarding the contract, the manufacturer
designs his own circuit for, say, the i-f amplifier without regard to what any
other system used. The result is what we have today, more than 250 radar
systems with hundreds of different i-f amplifiers doing essentially the same
job.

The goal of the modular radar is the design of a family of circuits that
will satisfy the majority of the Navy's radar needs. This may require several
versions of each basic circuit, but certainly not hundreds.

The advantages of this approach arm seen in the reduced logistics prob-
1cm for repair, the high degree of availability of repair parts, the reduced
task of training technicians (same part used in several systems), the reduced
time of system development (standard circuits can be specified), and increased
reliability from using circuits known to be reliable.

A further advantage is the possibility of quickly upgrading an existing
system hy using state of the art technology. If the i-f amplifier is a removable
module and its Input and output specifications are well documented, as they
would have to be for the modular radar program, it would be a simple task to
unplug the old amplifiers and plug In the new improved performance unit.

Possibilities of the modular radar receivers are limited only by one's
imagination. The potential saving of dollars and time, and the increased op-
erational availability, make this approach worth Implementing.

In considering those radar sets currently in use, it appears that the
primary cause of problems is poor original design or antiquity. Modernization
of these radar sets using the microelectronics technology available could pro-
vide a significant improvement in operational availability; however, it Is a
major task to update existing designs because of their mechanical construction.

*Refer to "Products Generating from Fleet Repotted MDCS D~ts for Electronic
Equipment", Norfolk Division, Naval Ship Eagimerlnq Division, NAVSHIPS TECM
NEWS December 1972.
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Comparing the basic specifications of existing surface-search radars
with the operational needs has led to the conclusion that most of these re-
quirements can be satisfied with about three or four different designs and that
within these designs a high degree of commonality can exist without requir-
ing any serious compromise.

It appears that most surface search requirements can be met with three
levels of peak power, 10 kW, 50 kW, and 130 kW at X-band, and one high
power, probably 130 kW, at C-band. These figures are tentative and need to
be verified. A coaxial magnetron has been selected for use in all these systems
due to its long life expectancy and superior spectral performance. A hybrid
solid state modulator will be used to keep the size down and for its inherent
higher reliability over a thyratron type.

The receiver is an obvious candidate for modularity in radar sets
(figure 6). Receivers are generally similar in all areas except in their provi-
sions for bandwidth capability and signal processing after i-f carrier demodu-
lation. Most elementary radar receiver modules could be assembled from off-
the-shelf catalog items. This is particularly true for surface-search radar re-
ceivers with their relatively modest requirements. It appears that form factor
compartmentalization and cost, rather than any inherent design problems, are
the major problems in radar receiver group production. Consequently, com-
ponent performance versus cost tradeoffs will be the major concerns for the
design goal of a modular radar set receiver group.

Of those display groups currently in use, only the AN/SPA-25 radar
display remotely approac lies modern requirements. There are no adequate
small Navy display grotips available for use where small size and low weight
are determining re, u• irements.

A family of improved standard display groups that employ standard
circuits should be developed for use with Navy radar sets.

While the antenna is an important part of the radar system, and some
study work will be undertaken to determine the extent of the problem, no
antennas will be built. Existing antenna systems will be used to test the
prototype modular radar.

SUMMARY

"A family of modular surface-search radars has been specified, based
on the operational needs, existing system performance, and the state-of-the-
art circuit development. This family will exhibit a large degree of commonality
with all its attendent advantage without sacrificing performance. This design
will alleviate or remove many of the problems facing the Navy today in regard
"to providing the necessary high perfornmnce without incurring prohibitive
costs.
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RECOMMENDATIONS

Continue to develop a family of surface-search radars utilizing the com-
mon module, section, and group approach. Investigate the cost effectiveness
of this approach and look at the possibility of extending the modules across
other radar and electronic systems.

Specifically:
1. Develop three X-band surface-search systems:

10 kW, 50 kW, and 130 kW.
2. Develop a 130 kW C-band system.
3. Develop receiver and control circuitry having a wide range of appli-

cability across other radar types.
4. Provide for future additions to these systems within the modular con-

cepts for extending the performance capabilities (such as MTI).
5. Fabricate a set of modules that can be used to build up any one of the

four systems. This hardware will be used to demonstrate the commonality feature.
6. Investigate display and antenna requirements, especially for small boat

applications.
7. Standardize the number and amplitude of power supply voltages for

modularized radar rece'vers and transmitters.
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APPENDIX A

U.S. MARINE CORPS AIR TRAFFIC CONTROL RADAR REQUIREMENTS

Purpose:
The purpose of this radar is to provide air control of friendly aircraft

which are employed to protect Marine amphibious operations. Control of
these aircraft when entering, departing, or moving within the amphibious ob-
jective area is essential.

System descriptions, capabilities, performance characteristics, and
priorities are as follows:

A.System Description:
1. Weight and Size: Max weight 5000 lbs. size to fit 214 ton truck,

medium helicopters, and C-I130 aircraft.
2. Interface: Shall interface with 3-D Radar Processor Group AN/

TYA- 18 component of Tactical Air Operations Control AN/TYQ-2 without
modification. Digital azimuth data required.

3. Processing: Shall operate only in an MTI mode to provide target
detection at velocities up to Mach 0.99. The MTI shall be range gated if re-
quired to resolve range ambiguities.

4. Frequency and Tuning: Frequency shall be manually tuneable
from the operator's panel across the 1250-1350 MHz band.

5. Detection Probability: Shall provide a detection probability of 90
percent with no more than five false alarms per 360degree azimuth scan with
euch of the following clutter/target models:

a. Land Clutter: Detect hm2 Swerllng Case I target at 30 unmi with
log-normal distribution and clutter. Median RCS per unit area i6 -34 dB
(mi/n 2 ) with 95th percentile at -18 da.

b. Rain Clutter: Detect a hm2 Swering Case I inummrsed in 16 tinI
hr rain at 80 "Ini.V"i 6. Azimuth coverage: 3600

7, Elevation coverage: 0-400, 0-40000 feet
B. kange resolution: 0. 125 11110.
9. Azimuth reshlution: 3.0 degrees

10. IFF: httegual l1qF, AIMS compatibility
II. Data rate: 4-10 seconds (Variable)
12*. Range: 8O Joni (See Dotection Probability)
13. Remote Operation: Shall provide for remote operatijon up to 1000

feet (toun the (fitrol ,dte or for operation with Radar Relay Set ANITXQ-3.
14. Displays: There is no requirement for controller displays at the

zk: !•radar. Maintenance requires one PkP.. and one A - scope..
IS: Logistic..: Components will be, to the extent possible, plug-il/tiulck

. •,f change, modular construction, small heirmetically sealed. enwpsulated or pot-
ted circuit of a throw-away naturt, to be replaced rather than repaired in the
Marine Corps tactical envirownnt. The uwe of throw-away parts shaU be used
whenever poss~ible, consismtentwith reliability, life expcctmicy, and Cost
ofectivencs.
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B. Priority of Performance Characteristics:
1. Clutter performance
2. Reliability (MTBF 500 hrs)
3. Maintainability (MTTR I hr)4 4. Size and weight

4
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APPENDIX B

AUTONETICS WORK AGREEMENT

STATEMENT OF WORK

NAVY RADAR MODULARITY STUDY

The objective of this task is to investigate phase shift characteristics
associated with wideband single stage (5 MHz to 500 MHz) i-f amplifier
circuits.

Investigate an approach to control the single section amplifier output
phase dynamic change to within ±2 degrees at any frequency from 10 MHz
to 150 MHz for signal levels that are 20 dB (power) above the I dB output
compression point. This technique must also show significant phase shift
improvement for frequencies between 150 MHz and 500 MHz.

The design must not seriously affect the constant impedanca levels of
the dynamic range capability of the unlimited amplifier.

For the purpose of this task, the performance of the OPTIMAZ AH-62
or the AVANTEK UTO-5 11 can be considered as the starting base line
specifications.

Provide demonstratable breadboard hardware which will show results
of this wideband amplifier investigation while operating as described in the
second paragraph above.

Also investigate a built-in-test (BIT) design, but demonstration is not
required.

Provide an informal report which documents the results of this task
by 29 Jun 1973.

Period of Performance: 12 Feb 1973 - 29 Jun 1973
Point of Contact: C. W. Erickson

Naval Electronics Laboratory Center
San Diego, California 92152
Phone: (714) 225-7410

Autovon: 952-7410
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APPENDIX C

DLG RADAR FUNCTIONS STUDY
(Westinghouse)

STATEMENT OF WORK

A contract was awarded to the Westinghouse Corporation as a part of
the 2175 Program for the modular radar concept. The objective of this study
is to provide increases in reliability and maintainability, and decreases in per-
sonnel requirements, weight, space, power and acquisition lead time while
simultaneously providing significant life cycle cost savings. These objectives
are to be achieved in the radar systems with the aid of modular designs. In
these designs, modules will have application in more than one radar and pos-
sibly a single module will provide the same function for more than one radar.
This phase of the study will be directed toward achieving these objectives by
defining new modular radar configurations that will provide target detection,
tracking, and weapons delivery performance that is equal to or better than
that provided by present DLG (Guided Missile Frigate) radars. The study will
be performed according to the following general outline and schedule.

Define Baseline
The following is a list of the types of radars currently aboard DLG

s hips. It is assumed that the functions and capabilities of these equipments
will be required aboard a future DLG. Therefore these radars will be used
to establish a baseline for radar requirements and comparisons. The present
equipments are shown parenthetically,

a. Long Range Search Radar (SPS-40)
b. Surface-Search Radar (SPS- 0)
c, 3D Search Radar (SPS-48)
d. Fire Control Track Radar (SPG-53)
o. Fire Control Track/liluminator Radar (SPG-55)
f. IFF/SIF Secondary Radar

g. Point Defense Radars (SPS-62)
The study is to also include other sensors. such as TV trackers, infra-

red trackers and ESM passive sensors. Those sensors somntimes share antenna
asse• blies with the radar and must have their data closely correlated with the
radar data, The study is to ensure that at toast the current functional inter-
faces are maintained.

Each radar type will be partitioned into the following functional
.modules, as appropriate. A listing of the rnquemaents of each functional
module for each radar type will be dcrived.

.a Synchronization
b, Frequency Generation
c. Power Amplification
d. Duplexing
c. Antemnna and Pedestal
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f. Antenna Servo and Stabilization
g. Receivers
h. Signal Processor
i. Data Processor

it, j. Display
k. Control
1. Bite and Maintenance Equipment

Baseline Functional Evaluation

For each current radar, each of the functional assemblies will be eval-
uated using data to be supplied by NELC in each of the following categories:

a. Reliability in MTBF:•i NAVSHIPS data
b. Maintainability in MTrR
c. Annu.,l personnel requirements
d. Weight in pounds
e. Space in cubic feet
f. Life-cycle cost

Define New Modular System

The radar functional requirements will be analyzed and conceptual
studies performed to define an overall radar system concept, determine the
numoer and type of radars required, and identify modular solutions that can
provide:

a. More than one application of a functional module such that one radar
module can be used elsewhere on the DLG ship to provide a function to
another radar.

b, Standardization whereby sub-modules of the assembly can be applied
to other functional modules on the DLG ship.

c. Configuration of functional modules such that a single module on a
DLG ship can be used by multiple radar applications.

E vwaluate Common Modules

rEach functional module that meets at least one of the criteria of the
previous steps will be evaluated for the following:

a. Estimated Reliability
b. Estimated MTHF
c. Estimated Personnel Requirements
d. Estimated Weight
e. Estimated Space Required
f. Estimated Life.Cycle Cost

"Performance Comparison

Comparisons will be made between the evaluation of current radar as.
samblies and estimated common functional modules.
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Documentation:
The following documents will be delivered as a result of this study:

a. Monthly status reports will be prepared at the end of each calendar
month. The first report will include no less than two full weeks of effort and
the last report will be incorporated in the final report.

b. A final report will be prepared at the end of this study phase. This
report will summarize the study effort and contain the analyses, comparisons,
evaluations and conclusions resulting from the study. In cases agreed upon
between NELC and the contractor, common module requirements will be
prepared where significant radar improvements can be expected.

I
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APPENDIX D

KLYSTRON VERSUS COAXIAL MAGNETRON COMPARISON

{ !..The system requirements are:
pulse width = 0.7 js, duty = 0.00077,

peak power = 800 kW to I mW

Characteristic Klystron Amplifier Coaxial Magnetron

Frequency Range 2.7 to 2.9 GHz 2.7 to 2.9 GHz
Output Power, Peak 1.0 mW 800 kW
Heater Voltage 6.8V 10.0V
Heater Current 30A 13A
Heater Warm-up Time 10 min. 5 min.
Electromagnet Required None
Electromagnet Voltage 95V None
Electromagnet Current 25A None
Driver Tube Required None
Driver Power, Peak 4W None
Peak Voltage 64.8 kV 30
Peak Current 34A 60
Input Power 2.2 kW 1.8 kW
Weight:

Tube (approx.) 85 lbs. 50 lbs.
Driver Unknown None
Magnet 250 lbs. None

X-Ray Shielding Required Not Required
. i•Cooling:

Tube (approx.) 200 ft.3 /min. 100 ft.3/min.
Driver Unknown None
Magnet 100 ft.3 /min. None

Life Warranty 5000 hours 5000 hours

',A •Size and shape comparisons between the klystron and the coaxial
magnetron indicate that at least 194 cubic inches are required for installing
the klystron and electromagnet whereas only 26 cubic inches are rquired
for installing the coaxial magnetron.
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